I remember being greatly surprised at the very scanty evidence that I could find in this case, either macroscopic or microscopic, of any gross inflammatory reaction in the meninges. There was some roughening of the inner aspect of the dura and of the visceral layer of the arachnoid, but it was difficult to see how a cystic collection of fluid had been formed. No other cause for the paraplegia was to be found.
NOV.-NEUR. 1 Pressure had caused an ascending and descending degeneration in the cord from the 7th dorsal segment.
Also in 1909, Raymond and Claude [3] published a detailed clinical and pathological description of a case of circumscribed serous meningitis of the cerebral cortex. The condition had been discovered at operation, the patient perishing a few days later. This case appears to be the first of the cerebral type to be so fully reported, and it is interesting to note that the authors described a number of microscopic foci of encephalitis in the area underlying the cystic collection of fluid in the meninges.
Since this date, and more particularly during the last ten or twelve years, a number of papers have appeared on this subject, mostly in foreign journals. Arachnoiditis formed a subject for discussion at the Thirteenth Annual International Neurological Association in Paris in 1933. The latest contribution to the subject, dealing with the spinal form of the disease, has been made by Elkington [4] , under the title "Meningitis serosa circumscripta spinalis, or spinal arachnoiditis". In this paper Elkington has analysed the symptoms and physical signs of 41 cases, of which 38 were from the National Hospital, and adds personal observation of three cases. He has also fully discussed the aetiology and pathology of the condition.
It is clearly established, I think, that trauma is the determining factor in a certain number of cases, and infection in others. This infection may be focal or general. The evidence in favour of focal infection is particularly impressive in connexion with cerebral arachnoiditis, whilst the number of cases in which a severe general infection has preceded the appearance of symptoms due to arachnoiditis seems too frequent to be ascribed entirely to coincidence. But apart from this there remains a large residuum in which no known cause can be established.
It is important to remember that arachnoiditis is not infrequently found associated with other well-defined disease processes in the nervous system. In the cord it is found particularly in connexion with disseminated sclerosis, tabes, syringomyelia, tumours of various kinds, and as a sequel to meningococcal meningitis; and in the brain it is found with tumours, not infrequently giving rise to cysts in this connexion, and with encephalitis, recovered meningitis and so on. So far as the spinal cord is conperned, the anatomical arrangement of the arachnoid seems to have an important bearing on the symptomatology resulting from its chronic inflammation.
According to Professor Barr6 [5] , the arachnoid has a visceral and parietal moiety, the former overlying the pia, the latter loosely attached to the inner surface of the dura. Numerous threads of fibrous tissue run between the two layers of the arachnoid, forming a meshwork in which the cerebrospinal fluid is contained. Over the posterior surface of the cord the arachnoid space is voluminous, and contains the bulk of the cerebrospinal fluid. The arachnoid forms a wrapping round the posterior roots, and has an attachment along the ligamenta denticulata. There is communication through the meshwork of fibrous threads with the anterior arachnoid space, which is, however, only potentially a space, and probably contains but little cerebrospinal fluid. The anterior roots have no such intimate arachnoid envelope as the posterior roots. From this anatomical arrangement it would follow that chronic inflammation, which results in thickening of the membrane itself, would be likely to affect the posterior roots and the posterior parts of the spinal cord more severely than the anterior, and hence would explain why it is that posterior root symptoms are so much more pronounced as a rule than those due to anterior root.
Cyst formation in the arachnoid, as the result of adhesions and inflammatory exudation from blood-vessels, can be readily imagined in these circumstances. What is remarkable is that frequently there appears to be no regular cyst wall. A gush of cerebrospinal fluid escapes at operation on a paraplegic patient, and frequently little or no change is to be seen in the arachnoid. This appears to have been the condition present in Gordon Holmes' case, reported by Elkington, of which he gives a full account, and in which an autopsy was obtained. In this case a laminectomy in the cervical region was performed. When the dura was opened the cord was found to be pushed backwards, but the arachnoid appeared translucent everywhere; a probe introduced in front of the cord produced a gush of cerebrospinal fluid, after which the cord resumed its normal position. Microscopical examination in this case, as in the case which I examined and to which I have already referred, showed no evidence of chronic inflammation in the pia or arachnoid. No definite cyst was discovered, and yet there appears to have been a local collection of fluid sufficient to produce a partial paraplegia, with local affection of the brachial roots.
In other cases the chronic inflammatory thickening of the arachnoid is obvious and it clearly has a strangulating effect on the cord or nerve roots, particularly when the inflammatory focus is in the cauda equina. Horsley and many observers have noted that the cord was shrunken in appearance at operation. From the prognostic point of view the adhesive condition in which nerve roots are matted and bound together is much less favourable than when a cyst alone has to be dealt with.
I have recently had such a case under my care at St. Bartholomew's Hospital.
A woman of 38 had complained of pain in the legs and back and numbness in the legs of six months' duration. The pain, which for two months was confined to the right leg, was characteristic of arachnoiditis, i.e. there was a dull constant ache with paroxysmal exacerbations of severe pain, and she also complained of pain over lower lumbar and upper sacral vertebrne. These were tender on pressure. Later, similar but less severe pain developed in the left leg. She had some dysuria, but no incontinence. She was found to have a sensory loss which affected on the right side all the sacral roots and the fourth and fifth lumbar severely, with slight affection of D. 12 and L. 1, 2 and 3. On the left side only the 3, 4, 5 S. root areas were affected. Movements were not affected to the same extent as sensation, but were weakly performed at all joints in the right leg, whilst in the left, movements at the hip were poor, better at the knee and good at the ankle.
Reflexes.-Right lower abdominal absent, also right knee-jerk, ankle-jerk and plantar reflex absent-left knee-jerk present, ankle-jerk absent, plantar reflex flexor.
C.S.F.-Pressure not measured; clear fluid, 6 cells. 150 mgm. of protein--Wassermann reaction negative in blood and cerebrospinal fluid. Lipiodol introduced by cisternal puncture was held up temporarily at 5th lumbar vertebra but eventually worked down to all sacral nerve exits.
Professor Ross operated. There was no excess of fluid; a rubber catheter passed freely up and down the spinal canal anteriorly, but was caught posteriorly, both up and down. The nerves of the cauda equina were intimately bound together and to the posterior dura, and could not be disentangled. As might be expected, the patient improved but little as the result of the operation.
SPINAL FORMS
From the clinical point of view Professor Barr6 divides cases of spinal arachnoiditis into three groups: (1) Radicular. (2) Radiculo-medullary.
(3) Radicular and posterior column type.
Of the radicular types the poster.ior roots are usually first and most severely affected. Complaint is made of pains which may come and go, and are often paroxysmal. They appear in many different forms-pressure, burning, cutting, &c. They may appear first in one area and next in another, and are usually polyradicular rather than confined to a single root area. They are often accompanied by pain in the spine in a way that is unusual with other root pains. They may be very chronic.
A case analogous to this type was described by Horsley in his clinical lecture.' A woman had complained of pain in one heel for two years. She was treated unsuccessfully by a variety of methods and was then regarded as neurasthenic. She next developed herpes zoster in L. 1 and 2 root areas, and so severe was her post-herpetic pain that Horsley operated to divide the posterior roots. He found an extensive arachnoiditis, and the patient was much benefited by the operation.
These root pains are accompanied, as a rule, by little or no objective sensory loss, at least for a considerable period, but cutaneous and other reflexes may be diminished. The pains may disappear or may undergo sudden exacerbation. Ultimately and slowly there may develop a paraplegia. The anterior roots are rarely grossly affected, but careful observation may show some local wasting and fibrillary tremor, and the patient may complain of cramp.
In the radiculo-medullary type the same kind of sensory symptoms are complicated by the development of a paraplegia of spastic type, which in the cystic form of the disease may simulate a spinal tumour very closely. But there are certain points which should make one suspicious of arachnoiditis. First the subjective sensory symptoms already referred to, and objectively the type of sensory loss, which is usually only relative, in contrast to the more profound loss so often found in spinal compression. Further, there may be periods of improvement followed by relapse, and rather sudden variation in the advance of the paraplegia. In addition-a point on which there seems to be a general consensus of opinion-the sphincters are late in being affected.
Frequently curious anomalies in reflex activity are to be found, as for instance an absent ankle-jerk or absent plantar reflex in a case of spastic paraplegia. As an example of this type I should like to quote briefly another case which was under my care a few years ago.
The patient, a man aged 38, gave the following history: Eight years ago a derrick had overturned and fallen, striking his shoulder. It pushed him through a distance of two or three feet, when its further fall was arrested. He was pinned down in a doubled-up position. He recovered from this accident and was normal in all respects except for local pain in the back. Three years later he began to complain of an aching pain over the right lower abdomen, which continued at intervals for another three years. At this stage his appendix was removed as it was thought to be the cause of the pain which, however, continued; two years later it had increased in severity and was particularly troublesome at night. Walking about gave relief, but riding in buses aggravated it. He was admitted to St. Bartholomew's Hospital where examination of the nervous system was negative. An X-ray film showed a compression fracture of the 12th dorsal vertebra. He was discharged but was readmitted in the following year as he then, for the first timne, complained of difficulty in walking.
On the right side there was very slight loss of acuity to pin-prick and cotton-wool over three segments, namely, D. 12 and L. 1 and L. 2. There was slight but definite weakness in the right leg, with increased tendon-jerks in both legs, and plantar reflexes that varied, being sometimes extensor, sometimes flexor, in type.
The cerebrospinal fluid was bright yellow in colour and clotted spontaneously. Pressure was 50 mm., and Queckenstedt's test showed a slight rise and slow fall; estimation of protein 150 mgmn. (approx.). Cisternal puncture gave a clear, colourless fluid. Lipiodol was injected and was arrested between the 9th and 10th dorsal vertebrie. Wassermann reaction negative in blood and cerebrospinal fluid.
A diagnosis was made of extramedullary tumour or alternatively of circumscribed serous meningitis.
At operation a cyst was found on the right side of the cord, containing clear fluid which was not analysed. A piece of cyst wall was removed, and examination showed it to be composed chiefly of fibrous tissue. The veins in the locality of the cyst were noticed to be considerably dilated and engorged.
Following the operation a complete paraplegia developed with profound sensory loss, a condition due in all probability to thrombosis having occurred.
This case illustrates trauma almost certainly giving rise to arachnoiditis-root pains over a period of six years without any accompanying sensory loss, and after a period of nine years from the time of the accident, commencing signs of compression of the cord. Operation was performed before these had progressed to any considerable extent, but it is to be noted that there was no affection of the sphincters, and no sensory loss due to spinal compression. Looking back I feel that in this case a diagnosis of arachnoiditis should have been made as a first choice, rather than that of extra-medullary spinal cord tumour.
The third type of spinal arachnoiditis which Professor Barre describes-radicular and posterior column-seems to be simply a clinical variant in which the posterior columns may be affected disproportionately to the pyramidal tracts.
In addition to the clinical features to which I have referred, the diagnosis of spinal arachnoiditis is further helped by examination of the cerebrospinal fluid and by the injection of lipiodol and use of X-rays.
The cerebrospinal fluid may with Queckenstedt's test show a partial or complete block, or be quite normal. The protein in the cerebrospinal fluid will vary with the amount of block present. In a proved case under the care of Dr. Evans, at 'St. Bartholomew's Hospital, the pressure of both lumbar and cisternal punctures was each 90 mm., but the protein in the cisternal puncture was 30 mgm. whilst in the lumbar puncture fluid it was 100 mgm. Even when there is no block at all the protein is likely to show some increase. Cells are less likelv to show an increase in numbers, but on occasion they may do so. In a case at St. Bartholomew's Hospital under my care the cells were 120 at one time, but before operation had fallen to 24. There is, then, nothing quite diagnostic in the cerebrospinal fluid taken alone on which a diagnosis of arachnoiditis can be made, but taken in conjunction with the history of the case and the clinical examination, it may afford valuable confirmatory evidence to assist in the diagnosis. Lipiodol and X-ray examination usually, but not always, agrees with the findings by the Queckenstedt test, but occasionally they may show a divergence. The I turn now to arachnoiditis as it affects the cerebral portion of this membrane. The pathology of this and the spinal forms is essentially similar. It results in a diffuse or focal inflammatory reaction in the arachnoid, and with either there may be a cystic collection of fluid, sometimes over a large area, sometimes much more localized. In 1931 Davis and Haven [61 published the results of microscopic examination of the arachnoid in nine cases which had come to operation, and in which the pathology appeared to be limited to the arachnoid membrane.
All of the membranes examined showed a definite thickening which was more or less uniform throughout. They were able to divide these into three main groups according to the histopathological picture as follows:. (1) Inflammatory, characterized by a marked small round cell infiltration, with commencing fibrosis. One case in their series presented this appearance. (2) Fibrous. In these cases the reticulum lying between the normal characteristic arachnoid cells which line both sides of the membrane had become markedly thickened and fibrotic. Seven cases of their series were in this group. (3) Hyperplastic. The thickening of the arachnoid membrane in this group was made up for the most part of arachnoid cells with a destruction of the normal structure of the membrane. The nuclei of the cells were more darkly staining than normal and numerous mitotic figures were observed. The whole membrane appeared to be made up of the type of cell peculiar to the arachnoid, with only a few fibroblasts and a few scattered round cells.
The aetiological factors are in many cases quite undetermined, but, as in the spinal forms, there are a number of possible antecedents, some of which seem to rS deserve recognition as established in their aetiological relationship, whilst the claims of others are less securely founded. Focal infection, particularly of the petrous bone, and of the accessory nasal sinuses seems established on a secure basis. More open to doubt are generalized infections, of which influenza, whooping-cough, measles, typhoid fever, and streptococcal infections, either tonsillar or general, have been regarded with suspicion. Head injury, with or without fracture of the skull, is almost certainly an established antecedent, as also is recovered meningitis.
Professor Claude [7] considers that foci of encephalitis are often associated with the presence of arachnoiditis, both conditions being the expression of a reaction to a hypothetical virus infection. It is possible that the cases described by Foster Kennedy [81 as acute benign meningo-encephalitis belong to such a category.
Claude also discusses the possibility of arachnoiditis occurring as the result of infection by the tubercle bacillus in an attenuated form, and is inclined to accept this as an aetiological factor in some cases.
Finally, arachnoiditis with cyst formation is a not very uncommon complication of various intracranial tumours. One of the membranes examined by Davis and Haven was obtained from a large arachnoid cyst which overlay an acoustic neurinoma; and the danger of overlooking a tumour beneath such a cyst in the cerebello-pontine angle is well known. Some of the conditions which cause cerebral arachnoiditis are also apt to give rise to a serous meningitis, which complicates the diagnosis. This is particularly likely to occur in the posterior fossa from infection of the petrous bone in otitic cases, a matter to which I shall presently refer.
I will now briefly consider the effects of arachnoiditis in three situations: (1) The posterior fossa. ( 2) The region of the optic chiasma. (3) The cortex cerebri.
(1) The posterior fossa.-Arachnoiditis occurs more frequently here than in any other situation. The resulting clinical picture will depend on three factors, the first, being the area involved, the second whether or not an encysted collection of fluid has formed, and the third whether hydrocephalic dilatation of the ventricles has resulted from blocking of channels through which the cerebrospinal fluid circulates.
The problem is further complicated by the fact that in otitic cases, at any rate, such a hydrocephalic dilatation may occur apparently in the absence of any obstruction such as that produced by arachnoiditis, a condition to which Symonds [9] has drawn attention under the designation of " otitic hydrocephalus ". A diffuse adhesive arachnoiditis may cause paralysis of a number of cranial nerves in the posterior fossa. Barr6 [51 quotes a case under the care of Clovis Vincent in which all the cranial nerves on the left side from the 5th to the 12th were involved. At the operation the arachnoid was found to be thickened, and dense adhesions, which were liberated, surrounded the affected nerve trunks in the posterior fossa and the foramen lacerum posticum. No other pathological condition was discovered. Definite improvement followed the operation. In other cases an arachnoiditis has been found, with or without a cystic collection of fluid, either in the cerebello-pontine angle, or surrounding the internal auditory meatus. In some cases in which a cyst was present an acoustic tumour has been simulated, although as a rule the loss of function in the 8th pair of nerves after a preliminary period of symptoms resulting from irritation, is not so great as in cases of tumour. Where an adhesive arachnoiditis has given rise to firm adhesions round the 8th nerve, loss of function follows, for which no obvious explanation can be found clinically.
The more common picture is that of symptoms of a tumour in the posterior fossa. There is severe occipital headache, which may be increased in a spasmodic fashion by movements of the head and neck, particularly by superflexion of the neck. Papillcedema develops rapidly. In those cases in which the cisterna magna has become involved there may be a block at the foramen magnum, and a lumbar punoture, if attempted, may be dry. The symptoms suggest a mid-line tumour of the cerebellum or a tumour of the fourth ventricle. Such a condition is familiar to the neurological surgeon. In 1924 Horrax [10] reported 33 cases, all with posterior fossa symptoms, operated on by Cushing on the assumption that a tumour was present, and in which no other pathological process beyond arachnoiditis was found at the operation. Five of these cases came to autopsy, and the diagnosis of arachnoiditis was confirmed in three of them as the only morbid condition present, whilst in the remaining two cases sclerotic changes in the cortex of the cerebellum were present in addition to the thickened arachnoid.
Turning next to the otitic cases, there are numerous published records of arachnoiditis, with cystic collections of fluid, following infections of the ear and petrous bones. Jenkins [11] in 1926, published two such cases under the title of " Cystic serous meningitis." In both instances the patients had suffered from longstanding chronic infection of the middle ear. In the case of one patient, with deafness, tinnitus, and attacks of acute vertigo, the symptoms pointed to an affection of the left cerebellum. At operation, in which the dura was opened between the lateral sinus and the labyrinth, there was a gush of fluid from in front of the cerebellar hemisphere, and a large space was found in this situation. The patient ultimately made a complete recovery. The case of the second patient was very similar, but in addition, severe headache in the left occipital, parietal and frontal regions was complained of, and there was bilateral papillcedema. Operation revealed a similar condition to that found in the first case and a good recovery followed. The cerebrospinal fluid in both cases was reported as being normal. Such cases are difficult to distinguish from those described by Symonds [9] under the title of " otitic hydrocephalus ". I have had several under my observation, and a point which has struck me about them is that in them all there has been an acute ear infection and, when this has seemingly cleared up, headache, diplopia, and papillcedema have developed. The diplopia has been caused by 6th nerve paresis which has been bilateral in two cases. The headache, at first severe, has subsided within a comparatively short time, the diplopia and papillcedema persisting. The patients have not appeared at all ill, a most important point in the differential diagnosis from cerebral abscess, and they tend to get well spontaneously. That was the course in the case of two of my patients, who were improving when brought to see me, and in whom lumbar puncture was not instituted as a therapeutic measure. I certainly think, in the light of Symonds' paper and my further experience, that I was wrong not to insist on therapeutic puncture as being much the safest plan to adopt, but these particular patients recovered completely without it. In the case of a patient with a cystic arachnoiditis, progress is not towards spontaneous recovery, a point of importance in distinguishing between these cases and those of simple uncomplicated otitic hydrocephalus.
(2) Chiasmal arachnoiditis.-Cushing [12] in 1930 published a paper on chiasmal syndromes, in which chronic local arachnoiditis was described as one factor among seven which might cause them. In the following year Craig and Lillie [13] reported eight cases and Hener and Vail [14] four of this type, which came to operation.
The results in some of these cases were strikingly successful, though two of Craig and Lillie's patients perished as the result of the operation. During the last three or four years a number of similar cases have been recorded in which operations have been performed for this condition, with apparently increasing success as familiarity with the clinical picture has enabled the diagnosis to be made with a greater degree of certainty and at an earlier date.
As with arachnoiditis elsewhere, in some few of these cases there is a preceding infection, often in the nose or accessory nasal sinuses. The symptoms are fairly characteristic: A sudden loss of visual acuity occurs, which increases rapidly and may approach complete blindness. At first no change is apparent in the optic discs, but there soon appears a marked pallor which may be associated wxith slight papillcedema. 7 39 So far as the visual fields are concerned a central scotoma is frequently found together with an irregular reduction in the peripheral part of the fields. This asymmetry, as compared with a tract lesion, is characteristic. A concentric reduction of the visual fields for form may be accompanied by a bitemporal hemianopia for colours. At the onset there may be headaches, pain behind the eyes, and drowsiness. In several cases disturbance of pituitary function has occurred, with the development of adiposity, polydipsia and polyuria. X-ray examination shows a normal sella. The cerebrospinal fluid as a rule remains unaltered. All the cases present more or less similar appearances at operation. The chiasmal cisterna is sometimes distended with fluid under pressure, but the arachnoid is always thickened with adhesions over the chiasma and also frequently surrounding the optic nerves, fixing them in some cases to the frontal lobes. Davis and Haven, in their account of the histological appearances of the arachnoid as found at operation, report two instances of chiasmal arachnoiditis, one of which was remarkable, as there was a familial history of blindness.
The case was that of a man, aged 25, who complained of rapidly failing vision in both eyes. One brother, aged 28, had had a similar loss of vision at the age of 25; another brother, a sister, and both parents had normal vision. A maternal uncle had similar visual defects for which no cause was apparent, and three other maternal uncles had such poor vision that they were unable to work. In this patient there was an absolute central scotoma of both visual ficlds, with a further restriction in the upper portions. The right disc was blurred at its upper border, with a lower half normal in colour and outline, the left disc was blurred above, pale and with clear outline in its lower portion. Pupils were normal in size and reactions; sella turcica normal. The arachnoid was found thickened over the chiasma and there were adhesions round both optic nerves. These were freed. The operation was followed immediately by marked improvement in vision with subsequent recovery.
Looking back, I can think of a number of cases of primary optic atrophy of unknown cause, some of which, at least, might have been due to arachnoiditis. The only patient on whom I have operated in the hope that arachnoiditis might be the cause of the failure in vision proved to be a case of pituitary adenoma, in which there was no increase of intracranial pressure, or any alteration in the sella. It is.
in the ophthalmic hospitals and the eye departments of general hospitals that these patients must be sought, and I think that careful search would produce some cases of this type. They are certainly worth looking for, as on the whole the operative results have been strikingly good in those cases in which arachnoiditis has been the only disease process present, and in which the symptoms have not persisted too long. On the other hand it is probable that in some at any rate of the reported cases, the arachnoiditis which was found at operation did not represent the whole disease, and that there was an underlying affection of the optic nerves, such as a, retrobulbar neuritis, to which the arachnoiditis was secondary.
(3) The cortex cerebri.-Over the cerebral hemispheres we find the same patho-logical picture as in arachnoiditis in other parts of the nervous system. There is a diffuse adhesive type in which the convolutions appear to be covered by a gelatinous blanket, with collections of fluid here and there, particularly in the sulci between the convolutions. Again, one may find thickening and opacity of the arachnoid to a greater or lesser extent, with local collections of fluid encysted in the subarachnoid space by adhesions. The cysts so formed may be quite localized or extend over a considerable area of the brain substance. With this there may or may not be ventricular dilatation, due either to a non-communicating hydrocephalus, or else to an increased production or diminished absorption of cerebrospinal fluid. When such a condition occurs in conjunction with a cystic arachnoiditis it is likely to caAuse a clinical picture in which the multiplicity of symptoms presents a confusing problem, and one in which diagnosis is difficult and apt to be speculative.
As a general rule the symptoms are likely to be associated with those.of. increased intracranial pressure and suggest at first sight the probability of tumour. In attempting a differential diagnosis one is on very insecure ground, but it will be helpful to remember that the symptoms of arachnoiditis are likely to develop in a more acute way than is usually the case with cerebral tumour, and that severe localized headache is a sympt6m frequently to be observed in arachnoiditis.
In the absence of ventricular dilatation, unless there be a large cystic collection of fluid, the intracranial pressure is unlikely to be much raised and, as a corollary, papilloedema will not often be found. This is a point on which Claude has particularly insisted. Lewy [15] in reporting ten cases of arachnoiditis, makes the same point, emphasizes the absence of papilledema when there is no ventricular dilatation, and mentions further that he has found the diastolic pressure of the retinal artery to be lowered in the majority of his cases. He also found that the cerebrospinal fluid showed no increase in cells, and that the percentage of protein was usually low, i.e. below 20 mgm.%. Ventriculography is likely to prove helpful in locating the situation of a cyst when definite localizing signs are absent or doubtful. Lewy makes use of encephalography for this purpose, using as a rule 60 c.c. of air. He finds that this not only shows the position and size of the lateral ventricles quite adequately, but also shows up the position of cystic collections of fluid as the injected air appears to accumulate in these areas on the surface of the brain. He also claims that this method has a definite therapeutic value, presumably by separating adhesions, but if that is the mechanism such adhesions must be very slender. Only one of the cases reported by Lewy was traumatic in origin. As post-traumatic headache and giddiness are exceedingly common sympt'oms following head injury, it might be thought that a localized arachnoiditis with adhesions and interference with the free circulation of cerebrospinal fluid was a likely condition to obtain in such cases.
A number of records have been published of the results obtained by treating these patients with injection of air, in many cases with satistactory results. Thus, Boyd [17] has reported ten such cases, among which seven were relieved by air injection. Reichert [18] , Monrad Krohn [19] , and Jessen [20] , have reported other series. Under the title " Subdural traction and post-traumatic headache ", Penfield and Narcross [16] have recently published a report on 25 traumatic cases, in which they have investigated the cause of the pain and the effect of air injection, either by the lumbar route or directly. Their explanation of the headache which occurs is that it is due to traction on blood-vessels entering the venous sinuses in the dura, as the meninges themselves are insensitive, except where the dura forms the wall of the sinus. The most sensitive structure within the skull is the middle meningeal artery, a fact which is well known to those of us who practise cerebral surgery. Further, Penfield and Narcross believe that the lesion causing posttraumatic headache is in the subdural rather than in the subarachnoid space; at any rate in the patients who improved following air injection they found that the air by the second day had collected in the subdural space, whilst in those who did not improve, little or no air was to be seen in this situation. They have also found adhesions in the subdural space in a certain number of cases. In 18 control cases no air was found in the subdural space in any instance. The authors conclude that the introduction of 60 to 80 c.c. of air into the subdural space cures traumatic headache in a high percentage of cases, and they postulate that the nature of the lesion is an obliteration of the subdural space by adhesions with the arachnoid. The best results are obtained when the air is prevented from reaching the ventricles and so passes entirely into the subarachnoid space. Their paper is of great interest, but it is clear, I think, that further investigation is required on the subject before definite conclusions can be reached.
Prognosis before operation is difficult to formulate in general terms, for either the spinal or the cerebral cases. Elkington, in his comprehensive review of circum--scribed serous meningitis in the cord, was able to trace 24 of the 42 cases on which his review was based. Of these 24, five died within three weeks of operation, and eight others had died, four of them within a year of their operation. Of the 11 surviving patients, four remained unimproved or worse than before operation, and seven had made a complete recovery, that is, just under 30%. The duration of symptoms before operation is a factor of importance, but the appearances found at operation are obviously the deciding factor on which a prognosis can be based. If there is much matting of nerve roots, as in some of the cauda equina cases, or if the cord presents appearances of obvious damage, the prospects of considerable improvement are very poor.
The only analysis of results in a considerable series of cerebral cases that I have been able to find is that of 33 cases reported by Horrax [10] . Of this series five patients died. In the cases described as acute or subacute there were nine operations, with two deaths and seven cures, though one cure was followed by blindness after rapid loss of vision. In 19 chronic cases seven patients were well, nine improved and three dead. In five cases which were definitely otitic in origin, two patients were well, and three improved.
There are obviously many problems in connexion with the whole subject of arachnoiditis and serous meningitis which await further investigation. The physician, the surgeon, and the pathologist can all contribute to their solution.
